TEMPERATURE DETERMINING DEVICE, TEMPERATURE 
CORRECTING METHOD, AND IMAGE 
FORMING APPARATUS 



5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a temperature determining device 
that detects the temperature of a determination object member on the basis 
of the intensity of infrared rays. Furthermore, this invention relates to a 

10 temperature correcting method for use in determining temperature using an 
infrared temperature detecting unit. Moreover, this invention relates to an 
image forming apparatus that includes a temperature detecting unit for use 
in image forming apparatuses employing electrophotography and 
electrostatic recording that detects the temperature of a fixing member for 

15 fi^dng an unfixed image on the basis of the intensity of infrared rays from 
the fixing member. 

2. Description of Related Art 

JP2002-228523 A discloses a temperature calculating method using 

20 an infrared temperature detector. This temperature calculating method is 
illustrated in FIG. 11. As shown in the figure, in Procedure 1, an 
environmental temperature Tamb is calculated using a themistor output 
Vntc of a thermistor provided on a cold junction member of a thermopile. 
Then, in Procedure 2, a correction coefficient A is calculated using the 

25 environmental temperature Tamb. After that, in Procedure 3, temperature 
is calculated using the environmental temperature Tamb, the correction 
coefficient A, and a thermopile output Vout. 

Furthermore, JP200 1-34 109 A discloses the use of an infrared 
temperature sensor in an image forming apparatus. 

30 However, the above-mentioned temperature calculating method 

disclosed in JP2002-228523 Ahas presented the following problem. 

That is, according to this method, in determining temperature, 
infrared rays that are radiated from peripheral members of a determination 
object member and then are reflected firom a surface of the object member 

35 also are considered as infrared rays radiated from the object member. 

Therefore, even when the temperature of the object member is constant, the 
determined temperature may change due to a change in the temperature of 
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the peripheral members. Conversely, if temperature control is performed 
with respect to the object member on the basis of the determined 
temperature thus obtained, the temperature of the object member may vary 
considerably. 

5 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the above-mentioned 
problem with the conventional technique and to provide a temperature 
determining device and a temperature coirrecting method that allow 

10 temperature determination of a determination object member to be 

performed accurately without being influenced by a change in temperature 
caused around the object member. Furthermore, it is another object of the 
present invention to provide an image forming apparatus that allows 
temperature determination of a fixing member to be performed accurately in 

15 thermally fi^dng an unfixed image, thereby allowing a high-quality image to 
be obtained stably 

In order to achieve the above-mentioned objects, a temperature 
determining device according to the present invention includes a 
temperature detecting unit that detects a temperature of a determination 

20 object member based on an intensity of infrared rays from the object 
member, a unit for determining a temperature for correction that 
determines a temperature of an opposing member opposed to the object 
member or a temperature of a member whose temperature changes in 
correlation to a change in the temperature of the opposing member, and a 

25 calculating unit that corrects the detected temperature obtained by the 
temperature detecting unit using the temperature as the temperature for 
correction obtained by the unit for determining a temperature for correction. 

Furthermore, a temperature correcting method according to the 
present invention includes a first step of detecting a temperature of a 

30 determination object member based on an intensity of infrared rays firom 
the object member, a second step of determining a temperature of an 
opposing member opposed to the object member or a temperature of a 
member whose temperature changes in correlation to a change in the 
temperature of the opposing member, and a third step of correcting the 

35 detected temperature obtained in the first step using the temperature 
obtained in the second step. 

Next, an image forming apparatus according to the present 
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invention includes a fixing unit that allows a toner image transferred on a 
transferring material to be fixed on the transferring material by heating the 
toner image under pressure. In the image forming apparatus, the fixing 
unit includes a fixing member that is brought into contact with the 
5 transferring material so as to heat the transferring material, a heating 
source that heats the fixing member directly or indirectly, a temperature 
detecting unit that detects a surface temperature of the fixing member 
basiad on an intensity of infrared rays firom the fixing member, a unit for 
determining a temperature for correction that determines a temperature of 

10 a constituent member of the fixing unit opposed to the fixing member or a 
temperature of a member whose temperature changes in correlation to a 
change in the temperature of the constituent member, and a calculating unit 
that corrects the detected temperature obtained by the temperature 
detecting unit using the temperature as the temperature for correction 

15 obtained by the \mit for determining a temperature for correction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of an image forming apparatus 
according to Embodiment 1 of the present invention. 
20 FIG. 2 is a cross sectional view of a fixer used in the image forming 

apparatus according to Embodiment 1 of the present invention. 

FIG. 3 is a rear view of a heating source including an excitation coil 
as seen from a direction indicated by an arrow III of FIG. 2. 

FIG. 4 is a cross sectional view of the heating source used in the 
25 image forming apparatus according to Embodiment 1 of the present 
invention. 

FIG. 5 is a diagram for explaining an induction heating action in 
the image forming apparatus according to Embodiment 1 of the present 
invention. 

30 FIG. 6 is a structural view of a temperature sensor mounted in the 

image forming apparatus according to Embodiment 1 of the present 
invention. 

FIG. 7 is a graph showing a change in temperature caused when 
heating is started in the image forming apparatus according to Embodiment 
35 1 of the present invention. 

FIG. 8 is a graph showing a relationship between the temperature 
of a paper gtiide and a correction coef&cient when heating is started in the 
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image forming apparatus according to Embodiment 1 of the present 
invention. 

FIG. 9 is a diagram showing a procedure of temperature correction 
in an image forming apparatus according to Embodiment 3 of the present 
5 invention. 

FIG. 10 is a graph showing a relationship between the temperature 
of a cold junction and a correction coefficient when heating is started in the 
image forming apparatus according to Embodiment 3 of the present 
invention. 

10 FIG. 11 is a diagram showing a conventional procedure of 

temperature calculation using an infrared temperature detector. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A temperature determining device according to the present 

15 invention includes a temperature detecting unit that detects a temperature 
of a determination object member based on an intensity of infrared rays 
from the object member, a unit for determining a temperature for correction 
that determines a temperature of an opposing member opposed to the object 
member or a temperature of a member whose temperature changes in 

20 correlation to a change in the temperature of the opposing member, and a 
calculating unit that corrects the detected temperature obtained by the 
temperature detecting unit using the temperature as the temperature for 
correction obtained by the unit for determining a temperature for correction. 
According to this configuration, stable temperature determination 

25 can be performed accurately without being influenced by infrared rays from 
the opposing member. 

In the present invention, an "opposing member" refers to a member 
characterized by the following points. That is, at least a portion of a 
surface of the member is in a position from which a determination object 

30 member can be seen (namely, a position opposed to the object member). 
Further, the exchange of thermal energy can be performed between the 
member and the object member by radiation. For example, in a fixer of an 
electrophotographical apparatus utilizing induction heating, assuming that 
a fixing belt is a "determination object member^', from among a paper guide, 

35 a fixer cover, a pressing roller, a temperature sensor, an excitation coil, a 
coil holding member, a rear core, structural members holding these 
members and the Uke, each of members in the respective positions opposed 
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to the fixing belt can be used as an "opposing member". 

Preferably, in the above-mentioned temperature determining device 
according to the present invention, the temperature detecting unit includes 
a thermopile that outputs a voltage corresponding to a temperature 

5 difference between a hot junction and a cold junction, and the imit for 

determirdng a temperature for correction determines a temperature of the 
cold jimction of the thermopile. According to this configuration, a 
simplified configuration of the device can be achieved at lower cost. 

Preferably, in this case, the calculating xmit corrects the detected 

10 temperature using a first temperature for correction determined by the unit 
for determining a temperature for correction at a predetermined point in 
time before a point in time when the temperature detecting unit detects a 
temperature and a second temperature for correction determined by the 
unit for determining a temperature for correction at the point in time when 

15 the temperature detecting unit detects the temperature. According to this 
configuration, stable temperature determination can be performed 
accurately without being influenced by a temperature of the opposing 
member at a predetermined point in time before a point in time when the 
temperature detecting unit detects a temperature. 

20 More specifically, preferably, the first temperature for correction is 

determined when heating of the object member is started. According to 
this configuration, stable temperature determination can be performed 
accurately without being influenced by a temperature of the opposing 
member at a point in time when heating is started. 

25 Furthermore, a temperature correcting method according to the 

present invention includes a first step of detecting a temperature of a 
determination object member based on an intensity of infirared rays firom 
the object member, a second step of determining a temperature of an 
opposing member opposed to the object member or a temperature of a 

30 member whose temperature changes in correlation to a change in the 
temperature of the opposing member, and a third step of correcting the 
detected temperature obtained in the first step using the temperature 
obtained in the second step. 

According to this configuration, stable temperature determination 

35 can be performed accurately without being influenced by infrared rays from 
the opposing member. 

Next, an image forming apparatus according to the present 
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invention includes a fixing unit that allows a toner image transferred on a 
transferring material to be fixed on the transferring material by heating the 
toner image under pressure. In the image forming apparatus, the fixing 
unit includes a fixing member that is brought into contact with the 
5 transferring material so as to heat the transferring material, a heating 
source that heats the fixing member directly or indirectly, a temperature 
detecting unit that detects a surface temperature of the fixing member 
based on an intensity of infrared rays firom the fixing member, a unit for 
determining a temperature for correction that determines a temperature of 

10 a constituent member of the fixing unit opposed to the fixing member or a 
temperature of a member whose temperature changes in correlation to a 
change in the temperature of the constituent member, and a calculating unit 
that corrects the detected temperature obtained by the temperature 
detecting unit using the temperature as the temperature for correction 

15 obtained by the unit for determining a temperature for correction. 

According to this configuration, stable temperature determination 
of the fixing member can be performed accurately without being influenced 
by infrared rays from peripheral members of the fixing member. Thus, a 
high-quality image can be obtained stably. 

20 Preferably, in the above-mentioned image forming apparatus 

according to the present invention, the fixing member is an open-ended tube 
^ or an endless belt. According to this configuration, while stable 
temperature determination of the fixing member can be performed 
accurately so as to allow a high-quality image to be obtained stably, since 

25 the therm £lI capacity of the fixing member is reduced, a fixing temperature 
can be attained in a shorter time. 

Furthermore, preferably, in the above-mentioned image forming 
apparatus according to the present invention, the fixing member has a 
thickness of 0.02 mm to 0.6 mm. According to this configuration, while 

30 stable temperature determination of the fixing member can be performed 
accurately so as to allow a high-quality image to be obtained stably, since 
the thermal capacity of the fixing member is reduced, a fixing temperature 
can be attained in a shorter time. 

Furthermore, preferably, in the above-mentioned image forming 

35 apparatus according to the present invention, a face of the fixing member 
opposed to the temperature detecting unit is a curved surface concave 
toward a side of the temperature detecting unit. According to this 
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configuratioii, while stable temperature determination of the fixing member 
can be performed accurately so as to allow a high-quality image to be 
obtained stably, since the thermal capacity of the fbdng member is reduced, 
a fbdng temperature can be attained in a shorter time. 
5 Furthermore, preferably, in the above-mentioned image forming 

apparatus according to the present invention, a face of the fbdng member 
opposed to the temperature detecting unit has a surface roughness Ra of not 
more than 0.2 pm. According to this configuration, while stable 
temperature determination of the fbdng member can be performed 
10 accurately so as to allow a high-quality image to be obtained stably, since 
the fixing member has a smooth surface, a fixed image with a gloss can be 
obtained. 

Furthermore, preferably, in the above-mentioned image forming 
apparatus according to the present invention, the unit for determining a 

15 temperature for correction determines a temperature of a member in the 
fixing unit opposed to the fixing member. According to this configuration, 
stable temperature determination of the fijdng member can be performed 
accurately without being influenced by infrared rays from the member 
opposed to the fixing member, which exhibits a considerable amount of 

20 change in temperature. Thus, a high-quality image can be obtained stably. 

Furthermore, preferably, in the above-mentioned image forming 
apparatus according to the present invention, the temperature detecting 
unit includes a thermopile that outputs a voltage corresponding to a 
temperature difference between a hot jimction and a cold jimction, and the 

25 unit for determining a temperature for correction determines a temperature 
of the cold junction of the thermopile. According to this configuration, a 
simplified configuration of the apparatus can be achieved at lower cost. 

Preferably, in this case, the calculating imit corrects the detected 
temperature using a first temperature for correction determined by the unit 

30 for determining a temperature for correction at a predetermined point in 
time before a point in time when the temperature detecting unit detects a 
temperature and a second temperature for correction determined by the 
unit for determining a temperature for correction at the point in time when 
the temperature detecting unit detects the temperature. According to this 

35 configuration, stable temperature determination can be performed 

accurately without being influenced by a temperature of the opposing 
member at a predetermined point in time before a point in time when the 
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temperature detecting unit detects a temperature. Thus, a high-quality 
image can be obtained stably. 

More specifically, preferably, the first temperature for correction is 
determined when heating is started by the heating source. According to 
5 this configuration, stable temperature determination can be performed 
accurately without beiug influenced by a temperature of the opposing 
member at a point in time when heating is started. Thus, a high-quahty 
image can be obtained stably. 

Hereinafter, the present invention will be described in detail by way 
10 of specific embodiments. However, each of the following embodiments are 
to be regarded as an example, and the present invention is not limited 
thereto. 

(Embodiment l) 

FIG. 1 is a cross sectional view of an image forming apparatus 
15 according to Embodiment 1 of the present invention. FIG. 2 is an expanded 
sectional view of a fixer 10. FIG. 3 is a perspective view of a heating source 
including an excitation coil 25 as seen from a direction indicated by an 
arrow III shown in FIG. 2. FIG. 4 is a cross sectional view taken along a 
width direction (longitudinal direction) of the heating source including the 
20 excitation coil 25. FIG. 5 is a diagram for explaining an induction heating 
action of the heating source. FIG. 6 is structural view of a temperature 
sensor 11. 

In FIG. 1, reference numeral 1 denotes an exposure device that 
outputs four laser beams 2Y, 2M, 2C and 2Bk corresponding respectively to 

25 image signals. Reference numerals 3Y, 3M, 3C and 3Bk denote 

photosensitive bodies on which latent images are formed by the laser beams 
2Y, 2M, 20 and 2Bk, respectively. Reference numerals 4Y, 4M, 4C and 4Bk 
denote developers that apply toner respectively to the latent images on the 
photosensitive bodies 3Y, 3M, 3C and 3Bk so that the latent images are 

30 made manifest. The developers 4Y, 4M, 4C and 4Bk contain toners of four 
colors that are yellow, magenta, cyan and black, respectively. The 
photosensitive bodies and the developers are provided in four pairs that 
correspond respectively to the four toner colors of yellow, magenta, cyan and 
black. 

35 Reference numeral 5 denotes an intermediate transfer belt that is 

held by supporting shafts and rotated in a direction shown in the figure. 
Tbner images of the four toner colors on the photosensitive bodies 3Y, 3M, 
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3C and 3Bk are transferred in sequence and superimposed on a surface of 
the intermediate transfer belt 5. 

Reference numeral 6 denotes a secondary transfer roUer that is 
brought into/out of contact with the intermediate transfer belt 5. In a state 
5 where the secondary transfer roUer 6 is in contact under pressure with the 
intermediate transfer belt 5, a recording paper sheet (transferring material) 
7 is interposed between the secondary transfer roller 6 and the intermediate 
transfer belt 5. Then, an electric field is appHed thereto so that a toner 
image 8 is transferred to the recording paper sheet 7. Reference numeral 9 

10 denotes a paper feeding unit that feeds the recording paper sheet 7 with 
synchronized timing. 

Reference numeral 10 denotes the fixer that heats the recording 
paper sheet 7 on which the toner image 8 has been transferred under 
pressure at a fixing temperature of 170**C so that the toner image 8 is fixed 

15 on the recording paper sheet 7. In the case of using recording paper sheets 
of different sizes (widths), paper passing is performed with reference to a 
center in the width direction (a normal direction in a plane includLug FIG. l). 
Therefore, a small-sized recording paper sheet is passed only in a center 
portion. 

20. In FIG. 2, reference numeral 11 denotes the temperature sensor 

that is placed at a center in the width direction (direction of a rotation 
center axis of a fixing belt 12) at a distance of 25 mm from the fixing belt 12 
so as to be opposed to the fixing belt 12, The temperature sensor 11 will be 
described in detail later. Reference numeral 13 denotes a paper guide that 

25 guides the recording paper sheet 7. The paper gxiide 13 is formed from a 
metal having good thermal conductivity and opposed to the fixing belt 12 at 
a distance therefrom. Reference numeral 14 denotes a correction 
temperature sensor (unit for determining a temperature for correction) that 
has a thermistor element and determines the temperature of the paper 

30 guide 13. The correction temperature sensor 14 is provided desirably in 
the same position as that of the temperature sensor 11 in the width 
direction but also can be placed in a position different therefi*om. 
Reference numeral 15 denotes a fixer cover that constitutes the fixer 10. 
Reference numeral 12 denotes a fixing belt as a fbdng member. 

35 The fixing belt 12 has the shape of a tube (or an endless belt) of 30 mm in 
diameter. The fixing belt 12 includes a nickel base material layer of 40 p.m 
in thickness as an induction heat generating layer, an elastic layer of 200 
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lim in thickness that is formed from a sihcone rubber, a mold releasing layer 
of 20 iim in thickness that is formed from a fluorocarbon resin that provides 
mold releasabihty such as PFA (tetrafluoroethylene-perfluoroalkylvinyl 
ether copolsnner) or the like, which are provided outwardly. The fixing belt 
5 12 has a thickness of 260 jim as a whole. In order to impart a gloss to the 
toner image 8, the fixing belt 12 is set to have a surface roughness Ra of 
0.01 pm. Further, the fijdng belt 12 has a length in the width direction 
(direction of the rotation axis) of 240 mm. 

The surface of the fixing belt 12 may be coated with a single 

10 material or a combination of materials selected from resin and rubber that 
have excellent mold releasability such as PTFE (polytetrafluoroethylene), 
PFA (tetrafluoroethylene-perfluoroalkylvinyl ether copolymer), FEP 
(tetrafluoroethylene hexafluoropropylene copolymer) and the like. In order 
to impart a moderate gloss to the fixed toner image 8, the surface roughness 

15 Ra is set to be preferably not more than 0.2 pm, and more preferably not 
more than 0.05 pm. 

Furthermore, the material of the induction heat generating layer is 
not limited to the above-mentioned material of nickel. The induction heat 
generating layer also may be formed of, for example, a metal such as 

20 stainless steel, aluminum or the like or a resin material in which a material 
provided with conductivity is dispersed so as to correspond to a property of a 
high-frequency current of an induction heating source. 

In order to reduce the warm-up time required to attain a fijdng 
temperature of ITO^'C, it is important that the fijdng belt 12 shoxdd have a 

25 small thermal capacity. To this end, the fijdng belt 12 has a thickness of 
preferably not more than 0.6 mm, more preferably not more than 0.5 mm, 
and most preferably not more than 0.4 mm. Moreover, in order to reduce 
the thermal capacity, the fixing belt 12 has a diameter of preferably not 
more than 60 mm, and more preferably not more than 45 mm. It is 

30 required that the thickness of the fixing belt 12 be determined so as to 

achieve sufficient durability and strength. In this respect, it is preferable 
that the fixing belt 12 is formed of a metalhc base material of not less than 
10 pm in thickness coated with a fluorocarbon resin in a thickness of not 
less than 10 iim. It is preferable that as a result of this, the fixing belt 12 

35 has a thickness of not less than 20 pm as a whole. 

Reference numeral 20 denotes a fixiag roller that holds the fixing 
belt 12 on an outer periphery thereof so as to be integral with the fixing belt 

10 



12 and is supported rotatably. The fixing roller 20 iacludes a hollow 
metallic core 20a of stainless steel that has a thickness of 2 mm, a magnetic 
layer 20b of an insulating material that has a relative magnetic 
permeability of 20 and a thickness of 1.5 mm, and a sponge layer 20c of a 
5 foamed silicone rubber with a high heat insulatiag property and high 
elasticity that has a thickness of 5 mm and a hardness of Asker— C 45 
degrees, which are laminated outwardly in this order. 

Reference numeral 21 denotes a pressing roller as a pressing unit 
that is in contact under pressure with the fixing belt 12 with a pressing 

10 force of 300 N so as to form a fixing nip part. The pressing roller 2 1 is 

driven to rotate by a driving unit of a main body of the apparatus that is not 
shown in the figure, so that the fixing roller 20 and the fixing belt 12 are 
rotated following the rotation of the pressing roller 21 in a direction 
indicated by an arrow shown in the figure. The pressing roller 21 has an 

15 outer diameter of 30 mm and includes a hoUow metallic core 21a of stainless 
steel that has a thickness of 2 mm, a silicone rubber layer 21b that has a 
thickness of 2 mm and a hardness of JIS A 65 degrees, and a PFA layer (not 
shown) that has a thickness of 20 p.m, which are provided outwardly. The 
rubber layer 21b of the pressing roller 21 may be formed from a 

20 heat-resistant rubber such as a fluorocarbon rubber or the like. Further, 
the surface of the pressing roller 21 may be coated with a single material or 
a combination of materials selected firom fluorocarbon resin and 
fluorocarbon rubber that provide improved abrasion resistance and mold 
releasabihty such as PTFE, FEP and the hke. 

25 Reference numeral 25 denotes the excitation coil as an induction 

heating unit. The excitation coil 25 includes nine turns of a wire bundle 
composed of 60 wires of a copper wire that has an insxilated surface and an 
outer diameter of 0.15 mm. The wire bundle is arranged, at each of end 
portions of a cylindrical face of the fixing belt 12 in the direction of the 

30 rotation center axis, in the form of an arc along an outer peripheral face of 
the cylindrical face, and in portions other than the end portions, along a 
direction of a generatrix of the cylindrical face. 

As shown in the figure, in a cross section orthogonal to the rotation 
center axis of the fixing belt 12, the excitation coil 25 has a shape defined by 

35 the wire bundle that is arranged tightly without being overlapped (except at 
the end portions of the fixing belt 12) on an assumed cylindrical face formed 
around the rotation center axis of the fixing belt 12 so as to cover the fixing 
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belt 12. Further, as shown in FIG. 4, at the end portions in the width 
direction, the wire bundle of the excitation coil 25 is overlapped in two rows 
and thus forced into bulges. As a result, the excitation coil 25 as a whole is 
formed into a saddle-hke shape. The excitation coil 25 is opposed to the 
5 outer peripheral face of the fixing belt 12 at a distance of about 3 mm 
therefrom. 

Reference numeral 26 denotes a rear core of ferrite that is composed 
of a central core 26a that is inserted in an opening in a center of the wound 
wire bundle of the excitation coil 25, an arch-shaped arch core 26b, and an 

10 end core 26c that is provided at each end portion of the arch core 26b. Each 
of the central core 26a and the end core 26c has a bar-Hke shape continuous 
in the direction of the rotation center axis of the fixing belt 12 and is 
opposed to the fixing belt 12 without the excitation coil 25 interposed 
between them. Seven arch cores 26b are arranged at substantially a 

15 uniform distance from each other in the direction of the rotation center axis 
of the fixing belt 12 on a side opposite to the side of the fixing belt 12 with 
respect to the excitation coil 25. The central core 26a, the end cores 26c 
and the arch cores 25b are combined and connected magnetically. It is 
desirable that the rear core 26 be formed of, as weU as ferrite, a material 

20 with a high magnetic permeability and a high resistance such as a 
Permalloy or the Hke. 

Reference numeral 27 denotes a coil holding member that holds the 
excitation coil 25. The coil holding member 27 has a thickness of 1.5 mm 
and is formed from a resin with high heat resistance such as PEEK 

25 (polyether ether ketones), PPS (polsrphenylene sulfide) or the like. 

An alternating current at 30 kHz is applied to the excitation coil 25 
from an excitation circuit 28 that is a voltage resonant inverter. Thus, the 
fixing belt 12 is heated by electromagnetic induction. The temperature of 
the fixing belt 12 is detected by the temperature sensor 11. An alternating 

30 current to be applied to the excitation coil 25 is controlled so as to allow the 
surface of the fixing belt 12 to be at a temperature of 170 degrees centigrade 
that is a set fixing temperature using a temperature signal obtained from 
the temperature sensor 11. Then, the recording paper sheet 7 with the 
imfixed toner image 8 transferred on its surface is allowed to enter the 

35 fixing nip part from a direction indicated by an arrow A of FIG. 2 so that the 
toner 8 is fixed on the recording paper sheet 7. 

In this embodiment, the excitation coil 25 causes the fixing belt 12 



to generate heat by electromagnetic induction. The following description is 
directed to this action with reference to FIG. 5. 

As shown by each of broken hnes M, magnetic flux generated by the 
excitation coil 25 due to an alternating current from the excitation circuit 28 
5 penetrates the fixing belt 12 from the end core 26c and then reaches the 
magnetic layer 20b. Due to the magnetism of the magnetic layer 20b, the 
magnetic flux M passes through the magnetic layer 20b in a circumferential 
direction. Then, the magnetic flux M penetrates the fixing belt 12 again 
and then enters the central core 26a. After that, the magnetic flux M 

10 passes through the arch core 26b and then reaches the end core 26c. Due 
to the alternating current flowing through the excitation coil 25, the 
loop-shaped magnetic flux M changes. Due to this change in the magnetic 
flux M, an induction current is generated in the base material layer of the 
fixing belt 12, so that Joule heat is generated. The magnetic layer 20b has 

15 an insulation property and thus is not heated by induction. 

Furthermore, the outer periphery of the metallic core 20a of the 
fixing roller 20 is covered with the magnetic layer 20b, and thus the 
magnetic flux M does not reach the metallic core 20a. As a result, an 
induction heating energy is not consumed directly to heat the metallic core 

20 20a. Moreover, the fixing belt 12 is held by the sponge layer 20c with a 
high heat insulating property, thereby suppressing the flow of a thermal 
energy generated in the fixing belt 12 out to the magnetic layer 20b and the 
metallic core 20a. Accordingly, since the fixing belt 12 to be heated has a 
small thermal capacity and heat transfer from the fixing belt 12 hardly is 

25 caused, the temperature of the fixing belt 12 can be raised to a fixing 
temperature in a shorter time. 

The description is directed next to the configuration of the 
temperature sensor 11. In FIG. 6, the temperature sensor 11 includes a 
thermopile 30 that outputs a voltage corresponding to the intensity of 

30 infrared rays from the fixing belt 12 as a determination object member and 
the temperatvire of a cold junction, and a thermistor 31 for compensating for 
the temperature of the cold junction of the thermopile 30. In front of the 
thermopile 30, a hght-leading member 32 that is 3 mm in diameter and 
functions as an infrared transmitting filter and a Hght-coUecting lens is 

35 provided. The light-leading member 32 is provided to monitor only 

infrared rays of a predetermined wavelength from a predetermined area of 
the fixing belt 12. The area whose temperature is determined though the 
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light-leading member 32 is indicated by a broken line L in FIG. 6. 

The thermopile 30 is formed of an array of thermocouples and 
outputs a voltage so as to correspond to a temperature difference between a 
hot junction that is heated by infrared irradiation and a cold junction that is 
not subjected to infrared irradiation. A voltage Vtm for temperature 
compensation from the thermistor 31 along with a detected voltage Vtp from 
the thermopile 30 is transmitted to a temperature calculating circuit 33. A 
calculated temperature Ttp is calculated on the basis of a thermopile output 
property expressed by the following expression (l). 



Vtp = A X (Ttp4 - Ttm4) + Vre ... (l) 



where 



A; output coefficient (the output coefficient A may be a constant and 
also may be a function of Ttm) 
15 Ttp; calculated temperature 

Ttm; temperature of the cold junction (calculated based on the 
voltage Vtm for temperature compensation obtained by the 
thermistor 31) 

Vre; reference voltage of the temperature calculating circuit 

20 

The calculated temperature Ttp is a temperature obtained on the 
basis of the intensity of infrared rays incident on the thermopile 30 from the 
fixing belt 12. However, since the surface of the fijdng belt 12 has a 
curvature defined by a diameter of 30 mm and is smooth, infrared rays 

25 (broken Knes R shown in FIG. 2) radiated from peripheral members of the 

fixing belt 12 such as the paper guide 13 and the like are reflected therefrom. 
Therefore, after being reflected from the fixing belt 12, the infrared rays 
from the peripheral members also are incident on the thermopile 30. As a 
result, a change in the temperature of the peripheral members (namely, a 

30 change in the intensity of the infrared rays R) results also in a change in the 
calculated temperature Ttp given by the expression (l). 

For example, it is assumed that when the fixing belt 12 is at a 
temperature of 170**C and the paper guide 13 is at a temperature of SO^'C, 
the output coefficient A is determined so that the calculated temperature 

35 Ttp has a value of 170^C. In this case, when the paper guide 13 is at a 

temperature of 20®C, due to a low intensity of infrared rays from the paper 
guide 13 that is reflected from the surface of the fixing belt 12 and then are 

14 



incident on the thermopile 30, even when an actual value of the 
temperature of the fixing belt 12 is 170**C, the calculated temperature Ttp is 
determined with a value of 160*'C. 

FIG. 7 shows how the calculated temperature Ttp, a calibrated 
5 temperature Ttc and a temperature Tgd of the paper guide 13 change when 
the temperature of the fixing belt 12 is raised from room temperature and 
kept at 170**C. The cahbrated temperature Ttc is determined using a 
thermocouple as a temperature of a portion of the fixing belt 12 in the same 
position in the width direction as that of a portion whose temperature is to 

10 be determined by the thermopile 30. The temperature Tgd is determined 
by the correction temperature sensor 14. In the figure, a horizontal axis 
indicates time, and a vertical axis indicates temperature. When the 
temperature Tgd of the paper guide 13 becomes high and the temperature 
rising rate decreases, the calculated temperature Ttp is equal substantially 

15 to the calibrated temperature Ttc. However, at an early period when the 
temperature Tgd of the paper guide 13 is low, the calculated temperature 
Ttp is lower than the cahbrated temperature Ttc. 

As described above, an error between the calculated temperature 
Ttp and the calibrated temperature Ttc is correlated with the temperature 

20 Tgd of the paper guide 13. FIG. 8 shows a relationship between a ratio of 
the calculated temperature Ttp to the cahbrated temperature Ttc (Ttc/Ttp, 
this ratio is referred to as a "correction coefficient") and the temperature 
Tgd of the paper guide 13. The figure shows that the more the ratio 
(Ttc/Ttp) on a vertical axis deviates from a value of 1, the larger an error of 

25 the calculated temperature Ttp with respect to the cahbrated temperature 
Ttc. In the figure, a curved line portion of a soUd hne is approximated by a 
parabolic curve expressed by an expression (2). 

Ttc/Ttp = Al X Tgd2 + Bl X Tgd + Cl ... (2) 

80 where 

Al = 1.56 X 10-5 
Bl = 2.53x 103 
Cl = 1.1017 

35 In the figure, a straight line portion at a left end portion of the soHd 

line shows a behavior during temperature raising. FIG. 8 shows that the 
error (ratio (Ttc/Ttp)) increases with increasing temperature difference 
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between the peripheral members of the fixing belt 12 and the fixing belt 12. 

In this embodiment, the correction temperature sensor 14 is 
provided on the paper guide 13, and a determined temperature T is obtained 
by correcting the calculated temperature Ttp in the following manner. 
5 That is, a value of the right-hand side of the expression (2) using the 
temperature Tgd for correction detected by the correction temperature 
sensor 14 is multiphed by a value of the calculated temperature Ttp given 
by the expression (l). The corrected determined temperature T had a value 
equal to that of the calibrated temperature Ttc determined by the 

10 thermocouple. 

The paper guide 13 is opposed most closely to the fixing belt 12 and 
thus exhibits a large amount of change in temperature. Therefore, with 
respect to a change in infrared rays that are reflected from the surface of the 
fixing belt 12 and then are incident on the thermopile 30, the paper guide 13 

15 contributes in a larger degree than members apart from the fixing belt 12 
such as the fixer cover 15 and the hke. Thus, it is most effective to 
determine the temperature of the paper guide 13 by the correction 
temperature sensor 14 so that a value thus determined is used for the 
correction of the calculated temperature Ttp. Further, since the recording 

20 paper sheet 7 is not brought into contact under pressure with the paper 
guide 13, the amount of heat removed from the paper guide 13 by the 
recording paper sheet 7 is negligible. Accordingly, since the temperature of 
the paper guide 13 hardly changes depending on whether or not paper 
passing is performed, stable correction can be performed. 

25 In the above-mentioned embodiment, the temperature Tgd of the 

paper guide 13 was used as the temperature for correction to be used for the 
correction of the calculated temperature Ttp. However, the present 
invention is not limited thereto, and the temperature of another member in 
the fixer 10 that is opposed to the fixing belt 12 may be selected for use as 

30 the temperature for correction. Moreover, the correction temperature 

sensor 14 may be provided on a member that is not opposed directly to the 
fixing belt 12 so that a temperature value thus obtained is used as the 
temperature for correction, as long as the temperature changes in 
correlation to a change in the temperature of a member opposed to the 

35 fixing belt 12. In addition, the correction temperature sensor 14 may be 
provided on each of a plurality of members so that a plurality of values of 
the temperature for correction are used for the correction of the calculated 
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temperature Ttp . 

Furthermore, in this embodiment, the rear core 26 is formed as a 
combination of the central core 26a and the end cores 26c that are provided 
at a distance from each other and the plurahty of arch cores 26b that are 
provided at a distance from each other. Therefore, heat radiation from the 
outer peripheral faces of the rear core 26 and the excitation coil 25 is not 
hindered. Accordingly, even when current supply to the excitation coil 25 
causes the excitation coil 25 to generate heat, the heat is not stored. 
Therefore, the temperature of the excitation coil 25, the rear core 26 and the 
coU holding member 27 can be prevented from being raised to a temperature 
higher than the temperature of the fixing belt 12. Thus, it is possible to 
prevent a phenomenon in which infrared rays radiated from a member at a 
high temperature are reflected from the surface of the fi.xing belt 12 and 
then are incident on the thermopile 30. As a result, an error occurring in 
temperature determination can be suppressed. 

Furthermore, in this embodiment, since the fixing belt 12 is 
occupied on the inner side by the fixing roUer 20, it is hardly possible to 
place a temperature detecting unit such as a thermistor or the hke on the 
inner side of the fijdng belt 12. Moreover, in the case where a contact type 
temperature sensor is used on the surface of the fixing belt 12, a streak (a 
flaw, a groove or the Hke) is caused due to a sHding operation on the surface 
of the fixing belt 12 and transferred on a fixed image, resulting in a 
considerable deterioration in image quahty. According to this embodiment, 
the temperature of the surface of the fixing belt 12 that is a smooth 
cylindrical face can be determined accurately by a non-contact temperature 
sensor utilizing infrared rays, and thus no damage is caused to the surface 
of the fixing belt 12, thereby allowing a high-quahty fixed image to be 
obtained. 

Furthermore, since the thin fixing belt 12 is used so as to reduce 
the thermal capacity, heat transfer hardly is caused in the width direction. 
Accordingly, there is a large difference in the temperature of the fixing belt 
12 between both the end portions outside a region used for image formation 
and the center portion within the region used for image formation. 
Therefore, when temperature control is performed by determining the 
temperature of the end portions of the fixing belt 12, a deterioration in 
image quahty such as offset or the like may be caused. This is markedly 
the case particularly when using a small-sized recording paper sheet. 
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According to this embodiment, the temperature of the fixing belt 12 at the 
center portion in the width direction is determined accurately by the 
non-contact temperature sensor utUizing infirared rays. As a result, the 
temperature of the fixing nip portion that contributes to image formation 
5 can be controlled accurately, thereby allowing a high-quahty fixed image to 
be obtained without causing ofiEset. 

Furthermore, infirared rays firom members disposed around the 
fixing belt 12 in an area increased with decreasing diameter and increasing 
curvature of the fixing belt 12 are reflected firom the surface of the fixing 

10 belt 12 and then are incident on the thermopile 30. That is, in the case of 
using the fixing belt 12 that is decreased in diameter so as to be reduced in 
thermal capacity, a larger influence is exerted by infirared rays firom the 
peripheral members of the fixing belt 12, and thus it becomes more likely to 
have an error in a detected temperature obtained by the thermopile 30. 

15 However, according to this embodiment, since correction is performed using 
the expression (2), even with the use of the fixing belt 12 that is reduced in 
size and thus is raised in temperature rapidly, stable determination of the 
surface temperature of the fixing belt 12 can be performed accurately. 

As described above, according to this embodiment, a detected 

20 temperature from the temperature sensor 11 that detects the temperature of 
the fixing belt 12 based on the intensity of infrared rays is corrected on the 
basis of the temperature of the paper guide 13 in the fixer 10. Therefore, 
stable temperature determination of the fixing belt 12 can be performed 
accurately without being influenced by the temperature of the fixer 10. 

25 Thus, a high-quality image can be obtained stably. 

In this embodiment, a quadratic expression of the temperature Tgd 
was used as the expression (2). However, depending on conditions imder 
which the sensors are placed, a linear expression, a quartic expression, a 
quadratic expression in another form, or an expression of another fimction 

30 form of the temperature Tgd also can be used. 

In the above-mentioned embodiment, the thermopile 30 was used 
as the temperature detecting unit (temperature sensor 11) that detected the 
temperature based on the intensity of infrared rays. In the present 
invention, the temperature detecting unit is not limited thereto, and a 

35 sensor that allows infirared rays to be incident on a thin film and determines 
the temperature of the thin film using a thermistor, a pjrroelectric sensor, a 
photoelectric sensor or the like can be used. Athermopfle allows an 



apparatus to be formed so as to have a simplified configuration at lower cost 
for the following reasons. That is, a thermopile does not require a 
switching unit for allowing/preventing the incidence of a light beam that is 
required in a pyroelectric sensor. Further, a thermopile is less costly 
5 compared with a photoelectric sensor. Moreover, a thermopile does not 
require a costly power source for signal output. 

Furthermore, the configuration of the fixer 10 is not limited to that 
described with regard to the above-mentioned embodiment. In place of the 
fixing belt 12 and the fixing roller 20, a fixing hard roUer that is formed of a 

10 metallic pipe of not less than 2 mm in thickness with a surface of a 

laminated structure of a silicone rubber or a fluorocarbon resin also may be 
used. Furthermore, a heating method is not limited to the 
above-mentioned induction heating, and heating also may be performed 
using a halogen lamp placed in an inner portion of the fixing hard roller. 

15 In the case where a halogen lamp is placed in the fixing hard roUer, 

generally, it takes about 2 minutes to attain a fixing temperature of ITO^'C. 
On the other hand, as in this embodiment, in the case where the fixing belt 
12 having a small thermal capacity is raised in temperature by induction 
heating, the temperature of the fixing belt 12 reaches a fixing temperature 

20 of 170**C in about 10 seconds. Therefore, at a point in time when the 

temperature of the fixing belt 12 is raised to the fixing temperature, almost 
no temperature rise has been caused in the other members constituting the 
fixer 10. However, in the case of a continuous operation, while the fixing 
belt 12 stays at the fixing temperature, the temperature of the fixer 10 as a 

25 whole is raised to about 90 degrees. This means that compared with the 

case of the fixing belt 12, the temperature raising of the peripheral members 
of the fixing belt 12 starts with a delay and is performed at a lower 
temperature rising rate. Thus, in a fixer that is raised in temperature 
rapidly, a considerable effect is attained by this embodiment in which 

30 temperature correction is performed in consideration of a change in the 
temperature of peripheral members. 
(Embodiment 2) 

The only difference between Embodiment 2 and Embodiment 1 lies 
in the following point. That is, as the temperature for correction, while the 
35 temperature of the paper guide 13 obtained by the correction temperature 
sensor 14 was used in Embodiment 1, a temperature Ttm obtained fiom a 
thermistor 31 for compensating for the temperatiire of a cold junction of a 



thermopile 30 is used in Embodiment 2. The following description is 
directed to the difference of Embodiment 2 from Embodiment I. 

In this embodiment, in place of the expression (2) described with 
regard to Embodiment 1, the following expression (3) is used to correct a 
calculated temperature Ttp so as to obtain a determined temperature Tfb. 



Tfb = Ttp X (A2 X Ttm2 + B2 x Ttm + C2) ... (3) 

where 

A2 = 1.57 X 10-5 
B2 = 2.67 X 103 
C2 = 1.1054 



In this embodiment, using the temperature Ttm of the cold junction 
of the thermopile 30 for compensation, the temperature of the members 
opposed to the fixing belt 12 is assumed. The temperature of the members 
(for example, the paper guide 13) opposed to the fixing belt 12 is not 
necessarily equal to the temperature of the cold jimction of the thermopile 
30. However, the members and the cold jimction are both heated by heat 
radiated from the fijxing belt 12, and there is a correlation between a change 
in the temperature of the members and a change in the temperature of the 
cold jimction. Therefore, using the temperature of the cold junction of the 
thermopile 30, the temperature of the members opposed to the fi^dng belt 12 
can be assumed. Thus, using the temperature of members that are not 
opposed to the fixing belt 12, the intensity of infrared rays to be incident on 
the thermopile 30 can be corrected. 

In this embodiment, the quadratic expression of the temperature 
Ttm was used as the expression (3). However, depending on conditions 
under which sensors are placed, a linear expression, a quartLc expression, a 
quadratic expression in another form, or an expression of another function 
form of the temperature Ttm also can be used. 

According to this embodiment, since it is not required that the 
correction temperature sensor 14 be provided, an apparatus can be formed 
so as to have a simplified configuration at lower cost. Since the thermopile 
30 is provided with the thermistor 3 1 for the compensation of the cold 
junction, it is desirable that a thermopile be used as a temperature 
detecting unit that detects temperature based on the intensity of infrared 
rays. 
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(Embodiment 3) 

FIG. 9 is a structural view showing procedures of temperature 
correction according to Embodiment 3 of the present invention. Except for 
this, the respective configurations of members are the same as those 
5 described with regard to Embodiment 1, and like reference characters 

indicate hke members that have the same functions as those described with 
regard to Embodiment 1, for which duplicate descriptions are omitted. 

The differences between Embodiment 3 and Embodiment 1 lie in 
the following points. That is, firstly, as in Embodiment 2, a temperature 
10 Ttm of the cold junction of the thermopile 30 is used as the temperature for 
correction. Secondly, a temperature TtmO for correction of a fixer 10 
obtained when temperature raising is started is used for temperature 
correction. 

In performing correction using the expression (3) that is used in 

15 Embodiment 2 and does not depend on the temperature TtmO for correction 
obtained when temperature raising is started, the following problem has 
been presented. That is, due to the temperature of the fixer 10 obtained 
when temperature raising is started, an error may be caused between a 
temperature that is corrected and an actual temperature determined using 

20 the thermocouple. 

This is caused due to a difference between the temperature of 
members opposed to a fi^dng belt 12 and a temperature assumed using the 
temperature of a cold jimction. For example, it is assumed that heating of 
the fixing belt 12 is started in the case where the members opposed to the 

25 fixing belt 12 and the cold junction are both at a temperature of lO^'C when 
temperature raising is started. In this case, since the members opposed to 
the fixing belt 12 are raised in temperature more rapidly than the cold 
junction, when the temperature of the cold junction becomes 30°C, the 
temperature of the members opposed to the fixing belt 12 reaches GO^'C. 

30 On the other hand, it is assumed that heating of the fixing belt 12 is started 
in the case where the members opposed to the fixing belt 12 and the cold 
junction are both at a temperature of 30*^0 when temperature raising is 
started. In this case, when the temperature of the cold junction is 30**C, 
the temperature of the members opposed to the fixing belt 12 may stay at 

35 30*^0. Thus, in performing correction of a calculated temperature Ttp 

obtained by a temperature sensor 11, in some cases, the temperature of the 
members opposed to the fixing belt 12 at one point in time cannot be 



assumed accurately by using the temperature Ttm of the cold junction alone, 
which is used in place of the temperature of the members opposed to the 
fixing belt 12. 

FIG. 10 shows a relationship between a temperature obtained when 
temperature raising is started and a correction coef&cient in the case where 
the temperature of the fixing belt 12 is raised and then is kept constant. In 
the figure, a horizontal axis indicates the determined temperature Ttm of 
the cold junction of the thermopile 30, and a vertical axis indicates a 
correction coefficient, i.e. a ratio (Ttc/Ttp) between the calculated 
temperature Ttp obtained by the temperature sensor 11 before being 
corrected and a calibrated temperature Ttc obtained using the thermocouple. 
Curves L, N and H show results obtained in the cases where the 
temperature TtmO of the cold junction obtained when temperature raising is 
started is T'^C, 23''C and SS^'C, respectively. As shown in the figure, a 
paraboUc curve of the correction coefficient may vary depending on the 
temperature TtmO obtained when temperature raising is started. These 
curves have a shape obtained by moving the parabolic curve in a direction 
parallel to a direction of the horizontal axis so as to correspond to the 
temperature TtmO obtained when temperature raising is started. 

In this embodiment, an expression (4) is used as a correction 
expression for obtaining a determined temperature Tfb using the calculated 
temperature Ttp. 

Tfb = Ttp X {A3 X (Ttm - f(TtmO))2 + C3} ... (4) 

where 

f(TtmO) = TtmO + 61.8 
A3 = 1.57 X 10-5 
C3 = 0.992 

The expression (4) indicates that the parabolic curve of the 
correction coefficient (Ttc/Ttp) expressed by a quadratic expression is moved 
in the direction parallel to the direction of the horizontal axis of a graph 
shown in FIG. 10 so as to correspond to the temperature TtmO for correction 
obtained when temperature raising is started. 

A phenomenon shown in FIG. 10 is caused because the cold junction 
and the members opposed to the fixing belt 12 are both started to be raised 
in temperature firom a temperature substantially equal to an atmospheric 
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temperature at one point in time when temperature raising is started. 
Thus, by the use of the correction expression (4) incorporating the 
temperature TtmO obtained when temperature raising is started, stable 
temperature determination of the fixing belt 12 could be performed 
5 regardless of a temperature obtained when temperature raising is started. 

In this embodiment, depending on the conditions under which the 
sensors are placed, a function f(TtmO) of TtmO of the expression (4) may be 
replaced by a Unear expression in another form, a quadratic expression, or 
an expression of another function form of TtmO. Further, a variable for a 
10 function is not limited to TtmO. For example, a voltage value Vtm obtained 
by a thermistor 31 before being converted to a temperature value may be 
used directly. 

In each of Embodiments 1 to 3 described above, as an example, the 
temperature determining device and the temperature correcting method 

15 according to the present invention was apphed to an image forming 

apparatus. However, the applications of the temperature determining 
device and the temperature correcting method according to the present 
invention are not hmited thereto. The temperature determining device and 
the temperature correcting method according to the present invention are 

20 applicable to temperature determination of a surface performed on the basis 
of the intensity of infrared rays. In such temperature determination, a 
considerable effect can be attained particularly in each of the cases where- 
the surface has a curvature defining a surface concave toward a side of a 
temperature sensor; the surface is smooth and thus is likely to reflect 

25 infrared rays from peripheral members; and heat transfer is reduced in the 
surface whose temperature is to be determined. 

The embodiments disclosed in this application are intended to 
illustrate the technical aspects of the invention and not to limit the 
invention thereto. The invention may be embodied in other forms without 

30 departing from the spiiit and the scope of the invention as indicated by the 
appended claims and is to be broadly construed. 
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